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ULTRASONIC DIAGNOSTIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an ultrasonic diagnostic 
apparatus and in particular to a three-dimensional ultrasonic 
diagnostic apparatus having a function to display an arbitrary cross 
section. 

2. Description of the Related Art 

Ultrasonic diagnostic apparatuses are known in which 
ultrasound is transmitted to/from a three-dimensional space 
including a target tissue to obtain three-dimensional image data 
and an arbitrary cross section of the target tissue is displayed 
based on the three-dimensional image data. For example, Japanese 
Patent Laid-Open Publication No. 2002-245487 discloses an 
ultrasonic diagnostic apparatus which displays a synthesized image 
of a three-dimensional image and an image of an arbitrary cross 
section, and, at the same time, displays a cross sectional image 
which is an image of the arbitrary cross section viewed from the 
front. This type of ultrasonic diagnostic apparatus which has a 
function to display an arbitrary cross section is effective in 
ultrasonic diagnosis of a heart. 

In an ultrasonic diagnosis of a heart, for example, an 
ultrasonic diagnosis of a left ventricle of a heart, the diagnosing 
person desires a cross sectional image in which the intracardial 
portion of the left ventricle enlarged. For this purpose, the 
diagnosing person suitably moves the cutting plane while viewing 
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a three-dimensional image and/or cross sectional image displayed 
on the ultrasonic diagnosis apparatus to specify an optimum cross 
section. 

In order to specify an optimum cross section in a 
three-dimensional space, however, it is necessary to set 
translational movement of the cross section and/or rotational 
movement of the cross section with respect to each axis ( for example, 
x axis, y axis, and z axis) . In other words, a diagnosing person 
is required to repeatedly execute setting of translational movement 
of the cross section and/or rotational movement of the cross section 
with respect to each axis while viewing the three-dimensional image 
and/ or cross sectional image displayed on the ultrasonic diagnostic 
apparatus. Because of this, the operation to set an optimum cross 
section becomes complicated and requires expertise. 

SUMMARY OF THE INVENTION 
The present invention advantageously provides an ultrasonic 
diagnostic apparatus in which an optimum cross section can be easily 
set. 

According to one aspect of the present invention, there is 
provided an ultrasonic diagnostic apparatus for obtaining volume 
data made of voxel values for voxels forming a three-dimensional 
space by transmitting and receiving ultrasound to and from the 
three-dimensional space containing a target tissue and for applying 
a data process with respect to the volume data, the ultrasonic 
diagnostic apparatus comprising a basis axis setter for setting 
a basis axis in the target tissue based on a characteristic of the 



target tissue; a reference cross section setter for setting, with 
respect to the target tissue, a plurality of reference cross sections 
which intersect each other with the basis axis as a reference; a 
basis cross section selector for selecting a basis cross section 
5 from among the plurality of reference cross sections based on a 
cross sectional characteristic (for example, a brightness of a 
tissue withina cross section, a cross sectional area, or aperipheral 
length of the cross section) of the target tissue in each of the 
reference cross sections; and a cross sectional image former for 

10 forming a cross sectional image of the target tissue, the cross 
sectional image corresponding to one of cross sections set with 
the basis cross section as a reference and the basis cross section. 
With the above structure, because the basis cross section 
selector selects a basis cross section and the cross sectional image 

15 former forms a cross sectional image at the basis cross section 
or at a cross section which is set based on the basis cross section, 
an optimum cross section can be set without a complicated setting 
operation by the user. The cross section which is set based on 
the basis cross section is, for example, a cross section which is 

20 orthogonal to the basis cross section. 

According to another aspect of the present invention, it is 
preferable that, in the ultrasonic diagnostic apparatus, the basis 
axis setter sets the basis axis based on two characteristic points 
of the target tissue. According to another aspect of the present 

25 invention, it is preferable that, in the ultrasonic diagnostic 
apparatus, the basis axis setter sets the basis axis based on a 
center of mass of the target tissue and one characteristic point 
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of the target tissue other than the center of mass. According to 
another aspect of the present invention, it is preferable that, 
in the ultrasonic diagnostic apparatus, the basis axis setter sets 
the basis axis based on the center of mass of the target tissue 
and an end, in the target tissue, which is furthest away from the 
center of mass . According to another aspect of the present invention, 
it is preferable that, in the ultrasonic diagnostic apparatus, the 
reference cross section setter sequentially rotates a specif icplane 
containing the basis axis by a predetermined angle with the basis 
axis as an axis of rotation, to set the planes formed in each 
rotational angle position as the plurality of reference cross 
sections. According to another aspect of the present invention, 
it is preferable that, in the ultrasonic diagnostic apparatus, the 
basis cross section selector calculates an area of a cross section 
of the target tissue in each reference cross section and selects, 
as thebasis cross section, a reference cross section having a maximum 
cross sectional area or a minimum cross sectional area. According 
to another aspect of the present invention, it is preferable that, 
in the ultrasonic diagnostic apparatus, the basis cross section 
selector calculates a peripheral length of the target tissue in 
each reference cross section and selects, as the basis cross section, 
a reference cross section in which a longest peripheral length or 
a shortest peripheral length can be obtained. 

According to another aspect of the present invention, there 
is provided an ultrasonic diagnostic apparatus for obtaining volume 
data made of voxel values for voxels forming a transmission space 
by transmitting and receiving ultrasound to or from a heart having 



four cavities including a left ventricle cavity and for applying 
a data process to the volume data, the ultrasonic diagnostic 
apparatus comprising: a major axis setter for setting a left 
ventricle major axis based on the shape of the left ventricle cavity; 
a reference cross section setter for setting aplurality of reference 
cross sections each having a different rotational angle from each 
other, with the left ventricle major axis as an axis of rotation; 
a basis cross section selector for selecting a basis cross section 
from among the plurality of reference cross sections based on a 
size of a cross section of the four cavities in each of the reference 
cross sections; and a cross sectional image former for forming a 
cross sectional image corresponding to at least one of a four-cavity 
cross section, a two-cavity cross section, and a minor-axis cross 
section, all of which relate to the heart, based on the basis cross 
section. 

The left ventricle of the heart contains characteristic 
portions such as an apex section of heart and a mitral valve. The 
major-axis setter may set the left ventricle major axis using, for 
example, these characteristic portions . Alternatively, a position 
of the center of mass of the left ventricle cavity and a position 
of an inner cavity surface may be used for setting the left ventricle 
major axis. With the above structure, because the cross sectional 
image former set at least one of the four-cavity cross section, 
two-cavity cross section, and the minor-axis cross section based 
on the basis cross section, it is possible to set the optimum cross 
section without a complicated cross setting operation of a cross 
section by the user. 



According to another aspect of the present invention, it is 
preferable that the ultrasonic diagnostic apparatus further 
comprises a binarization section for separating the voxels into 
a cavity tissue voxel and a real tissue voxel to create binarized 
volume data; a cavity group extractor for extracting a plurality 
of cavity groups each made of a plurality of cavity tissue voxels 
based on the binarized volume data; and a left ventricle cavity 
selector for selecting a left ventricle cavity group corresponding 
to the left ventricle cavity from among the plurality of cavity 
groups, and that the major axis setter judges the shape of the left 
ventricle cavity based on the left ventricle cavity group. 

According to another aspect of the present invention, it is 
preferable that, in the ultrasonic diagnostic apparatus, the basis 
cross section selector calculates a cross sectional area of the 
four cavities in each of the reference cross sections and selects, 
as the basis cross section, a reference cross section in which a 
maximum cross sectional area can be obtained, and the cross sectional 
image former sets the basis cross section as the four-cavity cross 
section. According to another aspect of the present invention, 
it is preferable that, in the ultrasonic diagnostic equipment, the 
two-cavity cross section is a cross section which is orthogonal 
to the basis cross section and which contains the left ventricle 
major axis. According to another aspect of the present invention, 
it is preferable that, in the ultrasonic diagnostic equipment, the 
minor-axis cross section is a cross section which is orthogonal 
to the left ventricle major axis and which contains a center of 
mass of the left ventricle cavity. 



According to another aspect of the present invention, it is 
preferable that the ultrasonic diagnostic apparatus further 
comprises a three-dimensional image former for forming a 
three-dimensional image in which at least one cursor indicating 
at least one of the positions of the four-cavity cross section, 
the two-cavity cross section, and the minor-axis cross section is 
displayed on a stereographical image of the heart obtained based 
on the volume data. 

According to another aspect of the present invention, there 
is provided an ultrasonic diagnostic apparatus for obtaining, from 
an ultrasonic probe for transmitting and receiving ultrasound to 
and from a transmission space containing a heart, volume data made 
up of voxel values of voxels forming the transmission space, and 
for applying a data process to the volume data, the ultrasonic 
diagnostic equipment comprising a major axis setter for setting 
a left ventricle major axis based on a shape of a left ventricle 
cavity of the heart; a reference cross section setter for setting 
a plurality of reference cross sections each having a different 
rotational angle, with the left ventricle major axis as an axis 
of rotation; a basis cross section selector for selecting a basis 
cross section from among the plurality of reference cross sections 
based on a size of a cross section of the four cavities in each 
of the reference cross sections; and a cross sectional image data 
former for forming, based on the basis cross section, image data 
of a cross sectional image corresponding to at least one of a 
four-cavity cross section, a two-cavity cross section, and a 
minor-axis cross section regarding the heart. 



According to another aspect of the present invention, it is 
preferable that the ultrasonic, diagnostic apparatus further 
comprises a binarization section for separating the voxels into 
cavity tissue voxels and real tissue voxels to create binarized 
volume data; a cavity group extractor for extracting, based on the 
binarized volume data, a plurality of cavity groups each made of 
a plurality of cavity tissue voxels; and a left ventricle cavity 
selector for selecting a left ventricle cavity group corresponding 
to the left ventricle cavity from among the plurality of cavity 
groups, and that the major axis setter judges a shape of the left 
ventricle cavity based on the left ventricle cavity group. 

According to another aspect of the present invention, it is 
preferable that, in the ultrasonic diagnostic apparatus, the basis 
cross section selector calculates a cross sectional area of the 
four cavities in each of the reference cross sections and selects, 
as the basis cross section, a reference cross section in which a 
maximum cross sectional area can be obtained, and the cross sectional 
image former sets the basis cross section as the four-cavity cross 
section. According to another aspect of the present invention, 
it is preferable that, in the ultrasonic diagnostic apparatus, the 
two-cavity cross section is a cross section which is orthogonal 
to the basis cross section and contains the left ventricle major 
axis. According to another aspect of the present invention, it 
is preferable that, in the ultrasonic diagnostic apparatus, the 
minor-axis cross section is a cross section which is orthogonal 
to the left ventricle major axis and which contains a center of 
mass of the left ventricle cavity. According to another aspect 
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of the present invention, it is preferable that the ultrasonic 
diagnostic apparatus further comprises a three-dimensional image 
data former for forming image data of a three-dimensional image 
in which at least one cursor indicating at least one of the positions 
of the four-cavity cross section, the two-cavity cross section, 
and the minor-axis cross section is displayed on a stereographical 
image of the heart obtained based on the volume data, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing an overall structure of an 
ultrasonic diagnostic apparatus according to a preferred embodiment 
of the present invention. 

Fig . 2 is a diagram illustrating volume data to which a labeling 
process is applied. 

Fig. 3 is a diagram illustrating a slope calculated in a 
major-axis slope calculator section. 

Fig. 4 is a diagram illustrating volume data to which a 
coordinate conversion process is applied by a three-dimensional 
data rotator section. 

Fig. 5 is a diagram illustrating setting of a cutting plane 
in a cavity cross section calculator section. 

Fig. 6 is a diagram showing images displayed on a display 
section . 

DESCRIPTION OF PREFERRED EMBODIMENT 
A preferred embodiment of the present invention will now be 
described referring to the drawings. 



Fig. 1 is a block diagram showing an overall structure of an 
ultrasonic diagnostic apparatus according to a preferred embodiment 
of the present invention. Figs. 2-5 are diagrams illustrating 
processes applied in each section of the ultrasonic diagnostic 
apparatus shown on Fig. 1 . Anoperationof theultrasonicdiagnostic 
apparatus shown on Fig. 1 will be described referring to Figs. 2-5. 

An ultrasonic probe 10 is an ultrasonic probe for obtaining 
three-dimensional echo data. The ultrasonic probe 10 is used in 
contact with the skin of a patient or is inserted into a body cavity. 
The ultrasonic probe 10 transmits or receives ultrasound to or from 
a three-dimensional space by mechanically scanning a 1-D array 
oscillator which transmits or receives ultrasound to or from a 
two-dimensional space by electrical scanning. Alternatively, the 
ultrasonic probe 10 may transmit or receive ultrasound to or from 
a three-dimensional space by electrical scanning of a 2-D array 
oscillator formed by a two-dimensional matrix of oscillators. 

A transceiver section 12 controls the ultrasonic probe 10 and 
transmits or receives ultrasound to or from a three-dimensional 
space including a heart which is a target tissue. In other words, 
the transceiver section 12 functions as a transmission beam former 
and a reception beam former, obtains a voxel value for each voxel 
of a plurality of voxels forming a three-dimensional space, and 
outputs the voxel value to a noise removal processor 13. 

The noise removal processor 13 judges a voxel as a noise voxel 
for a voxel having a significantly different voxel value with respect 
to the surrounding voxel values and executes a removal process. 
For example, the noise removal processor 13 calculates an average 
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value of the voxel values corresponding to a total of 27 voxels, 
the target voxel and 26 voxels spatially adjacent to the target 
voxel, and sets the calculated average value as the voxel value 
of the target voxel. As a result, noise voxels which are spatially 
isolated can be removed. The voxel values of voxels to which the 
noise removal process is applied are stored in a first 
three-dimensional data memory 14. 

In the first three-dimensional data memory 14, each voxel value 
is stored at an address corresponding to the coordinates within 
the three-dimensional space. In other words, the voxel values are 
stored at addresses corresponding to the coordinate values in an 
xyz orthogonal coordinate system. The coordinate system used in 
the first three-dimensional data memory 14 may alternatively be, 
for example, an r 0 <t> polar coordinate system which is well suited 
for a sector scanning method of an ultrasonic beam. 

A binarization processor 16 obtains the voxel value of each 
voxel from the first three-dimensional data memory 14 and, based 
on a threshold (threshold value) set for the voxel value, separates 
the voxels into a group of voxels having a voxel value greater than 
or equal to the threshold and a group of voxels having a voxel value 
less than the threshold. The "voxel value" refers to an echo level 
or Doppler information corresponding to the voxel . In the present 
embodiment, the echo level is considered as the voxel value. In 
general, an intracardial section of a heart has a smaller echo level 
than a cardiac muscle. Taking into this consideration, by setting 
the threshold at a level which is lower than a level corresponding 
to the cardinal muscle and higher than a level corresponding to 
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the intracardial section, it is possible to separate the cardinal 
muscle and the intracardial section based on the threshold. For 
example, when the echo level value is of 64 gradations, a level 
for separating the cardinal muscle and the intracardial section 
appears around levels 7-9. In the present embodiment, the voxel 
value is an echo value of 64 gradations and the threshold is set 
at 8 . An inverted binarization process is applied in which a voxel 
value of a voxel originally having a voxel value of 8 or greater 
(cardinal muscle voxel corresponding to the cardinal muscle) is 
set to 0 and a voxel value of a voxel originally having a voxel 
value of less than 8 (intracardial section voxel corresponding to 
the intracardial section) is set to 1. The voxel values of the 
voxels to which the inverted binarization process is applied in 
the binarization processor 16 are stored in a second 
three-dimensional data memory 18. 

A labeling section 20 reads voxel values of voxels to which 
the inverted binarization process is applied from the second data 
memory 18 and applies a labeling process. Specifically, the 
labeling section 20 extracts a plurality of isolated groups of 
intracardial section voxels (voxels each having a voxel value of 
1 ) from the group of voxel values to which the inverted binarization 
process is applied and attaches a number to each of the isolated 
groups. A heart has four cavities respectively corresponding* to 
a left ventricle, a left atrium, a right ventricle, and a right 
atrium. Thus, each of the extracted isolated groups corresponds 
to each of the four cavities. 

Fig. 2 is a diagram illustrating a group (volume data) of voxel 
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values to which the labeling process is applied in the labeling 
section 20. The voxels are separated into cardinal muscle voxels 
and intracardial section voxels by the invertedbinarizationprocess . 
In Fig. 2, the cavities 50a - 50d correspond to the isolated groups 
of intracardial voxels. Further, the portion 52 other than the 
cavities 50a - 50d correspond to a group of cardinal muscle voxels. 
The cavities 50a - 50d correspond respectively to the left ventricle, 
left atrium, right ventricle, and right atrium. The isolated groups 
are labeled with numbers 1 - 4 by the labeling section 20. 

Referring back to Fig. 1, a specific cavity extractor section 
22 extracts an isolated group corresponding to the left ventricle 
from among the plurality of isolated groups to which numbers are 
attached in the labeling section 20. Because the cavity 
corresponding to the left ventricle has a larger volume than the 
other .cavities, the specific cavity extractor section 22 extracts, 
from among the plurality of isolated groups , an isolated group having 
the maximum volume as the isolated group corresponding to the left 
ventricle (as a result of this, the cavity 50a assigned with a number 
of 1 in Fig. 2 is extracted) . The volume of each isolated group 
is calculated from, for example, the number of voxels contained 
in the isolated group. 

The specific cavity extractor section 22 extracts an isolated 
group corresponding to the left ventricle based on a designated 
coordinate designated by a user in the. case of "auto OFF", that 
is, when an automatic extraction process is stopped by an automatic 
On/Off signal. The setting of the designated coordinate by the 
user is performed by the user designating a point within a left 
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ventricle in a cross sectional image using a pointing apparatus 
such as a trackball while the user views a three-dimensional image 
or a cross sectional image of the heart displayed on a display section 
44 . When a designated coordinate is set at a point within the left 
ventricle, the specific cavity extractor section 22 extracts the 
isolated group containing the designated coordinate as the isolated 
group corresponding to the left ventricle. The designation by the 
user is not limited to the left ventricle, and, when extraction 
of other cavities such as the left atrium is desired, a designated 
coordinate may be set within the desired cavity and the specific 
cavity extractor section 22 may extract an isolated group 
corresponding to the desired cavity such as left atrium based on 
the designation by the user. 

There may cases in which an isolated group extracted in the 
labeling section 20 does not correspond to any of the four cavities . 
For example, there may be a case in which cavities corresponding 
to the left ventricle and left atrium are extracted as one isolated 
group in which the corresponding cavities are connected. In this 
case, the user sets a region of interest in a cavity corresponding 
to the left ventricle and the specific cavity extractor section 
22 extracts the isolated group within the set region of interest 
as the isolated group corresponding to the left ventricle. The 
voxel values of the voxels to which the extraction process for the 
left ventricle cavity is applied in the specific cavity extractor 
section 22 are stored in a third three-dimensional data memory 24. 

A center-of-mass detector section 26 obtains the addresses 
of voxels to which the extraction process for the left ventricle 
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cavity is applied from the third three-dimensional data memory 24 
and determines a center of mass of the left ventricle cavity. 
Specifically, coordinates (Xo, Yo, Zo) of a volume center of mass 
of the left ventricle cavity in the xyz orthogonal coordinate system 
are calculated based on the three-dimensional coordinate values 
of all voxels corresponding to the left ventricle cavity. The 
calculated coordinates (Xo, Yo, Zo) of the center of mass is output 
to a major-axis end detector section 28. 

The major-axis end detector section 28 finds an end of a major 
axis (major-axis end point) which is positioned furthest away from 
the center of mass among voxels corresponding to the left ventricle 
cavity based on the coordinates (Xo, Yo, Zo) of the center of mass 
of the left ventricle cavity calculated in the center-of-mass 
detector section 26 and addresses of voxels obtained from the third 
three-dimensional data memory 24. In other words, the major-axis 
end detector section 28 calculates, for each voxel corresponding 
to the left ventricle cavity, a distance between the three 
dimensional coordinates of the voxel and the coordinates of the 
centerofmass (Xo, Yo, Zo) , finds a voxel having the largest distance, 
and outputs the found voxel to a major-axis slope calculator section 
30. 

The major-axis slope calculator section 30 sets a straight 
line passing through the center of mass calculated in the 
center-of-mass detector section 26 and the major-axis end point 
found in the major-axis end detector section 28 as a major axis 
of the left ventricle. In addition, thema jor-axis slope calculator 
section 30 calculates a slope 0 with respect to the x axis when 
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the left ventricle major axis is projected onto the xy plane and 
a slope <t> with respect to the x axis when the left ventricle major 
axis is projected onto the zx plane . The major-ax is slope calculator 
section 30 outputs these slopes to a three-dimensional data rotator 
section 32. 

Fig. 3 is a diagram illustrating a slope calculated in the 
major-axis slope calculator section 30. Figs. 3 (A) - (C) 
respectively represent a plan view, a front view, and a side view 
of a left ventricle cavity 60. The front view shown in Fig. 3 (B) 
is a view of the left ventricle cavity 60 projected onto the xy 
plane in the xyz orthogonal coordinate system. Thus, , the slope 
of the left ventricle major axis 62 with respect to the x axis shown 
in the front view of Fig. 3 (B) is 6 . The side view shown in Fig. 
3 (C) is a view of the left ventricle cavity 60 projected onto the 
zx plane in the xyz orthogonal coordinate system. Thus, the slope 
of the left ventricle major axis 62 with respect to the x axis shown 
in the side view of Fig. 3 (C) is <j> . 

Referring back to Fig. 1, the three-dimensional data rotator 
section 32 converts addresses of voxels in the second 
three-dimensional data memory 18 based on the center of mass 
calculated in the center-of-mass detector section 26 and slopes 
calculated in the major-axis slope calculator section 30 so that 
the left ventricle major axis becomes vertical with respect to the 
yz plane. In other words, with the coordinate of the center of 
mass (Xo, Yo, Zo) fixed, the three-dimensional data rotator section 
32 converts the three-dimensional coordinate values of the voxels 
so that the left ventricle major axis is rotated on the xy plane 
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by an angle of - 0 and the left ventricle major axis is further 
rotated on the zx plane by an angle of -<f>. The voxel values of 
the voxels are stored in a fourth three-dimensional data memory 
34 with addresses attached which corresponds to the coordinate 
values (coordinate values of x'y' z' orthogonal coordinate system) 
of voxels obtained as a result of the conversion. 

Fig. 4 is a diagram illustrating volume data to which the 
coordinate conversion process is applied in the three-dimensional 
data rotator section 32. Fig. 4 shows a result of the coordinate 
conversion process applied to the volume data shown in Fig. 2. In 
other words, Fig. 4 shows a result of conversion, in the 
three-dimensional data rotator section 32, of three-dimensional 
coordinate values of the voxels to the x' y' z' orthogonal coordinate 
system so that the left ventricle major axis 62 becomes vertical 
with respect to the yz plane. When the left ventricle major axis 
62 becomes vertical to the yz plane, a calculation of a cross sectional 
area in subsequent steps can be simplified. It is also advantageous 
in the diagnosis process to display a cross sectional image with 
the left ventricle major axis 62 pointing in a particular direction. 

Referring back to Fig. 1, a cavity cross sectional area 
calculator section 36 sets a cutting plane with respect to a heart 
and calculates a cavity cross sectional area which is an area of 
the cavity in the cutting plane based on the voxel values and addresses 
of voxels stored in the fourth three-dimensional data memory 34. 
The cutting plane is first set to a plane which is parallel to an 
x'y' plane in the x'y'z' orthogonal coordinate system and which 
includes the left ventricle major axis. When the cutting plane 
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is set, a number of voxels on the cutting plane which has a voxel 
value of 1 (intracardial section voxel) is counted. The cavity 
cross sectional area calculator section 36 calculates the cross 
sectional area of the cavity based on the counted value. The group 
of voxels having a voxel value of 1 includes voxels corresponding 
to four cavities of the heart. In other words, the cross sectional 
area of cavity calculated in the cavity cross sectional area 
calculator section 3 6 corresponds to cross sectional areas regarding 
four cavities. The calculated cross sectional area of cavity is 
output to a comparator 38. 

Fig. 5 is a view illustrating setting of a cutting plane in 
the cavity cross sectional area calculator section 36. The cavity 
cross sectional area calculator section 36 calculates a cavity cross 
sectional area for each of a plurality of cutting planes including 
the left ventricle major axis 62. More specifically, with the 
cutting plane 70 which is originally set, that is, which is parallel 
to the x'y' plane and which contains left ventricle major axis 62, 
as an initial cutting plane, the cavity cross sectional area 
calculator section 36 calculates the cavity cross sectional area 
in the initial cutting plane, rotates the cutting plane 70 about 
the left ventriclemajor axis by a predetermined angle in a specified 
direction (rotational direction 72), calculates a cavity cross 
sectional area for each position of rotational angle until a 
rotational angle of 180° is reached, and outputs the calculated 
results to the comparator 38. 

Referring back to Fig. 1, the comparator 38 and a maximum value 
latch section 40 extract a maximum area from among the cavity cross 
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sectional areas for positions at different rotational angles 
calculated in the cavity cross sectional area calculator section 
36 and find a rotational angle ai of a cutting plane in which the 
maximum cavity cross sectional area can be obtained. More 
specifically, the comparator 38 compares the cavity cross sectional 
area in each position at a rotational angle sequentially output 
from the cavity cross sectional area calculator section 36 with 
a maximum cavity cross sectional area stored in the maximum value 
latch section 40. When the cavity cross sectional area output from 
the cavity cross sectional area calculator section 36 is larger 
than the maximum cavity cross sectional area stored in the maximum 
value latch section 40, the cavity cross sectional area stored in 
the maximum value latch section 40 is replaced by the cavity cross 
sectional area output from the cavity cross sectional area 
calculator section 36. 

The comparator 38 compares each cavity cross sectional area 
for each rotational angle position from the initial cutting plane 
to a rotational angle of 180° with a cavity cross sectional area 
stored in the maximum value latch section 40. The maximum value 
latch section 40 outputs, to an optimum cross section setter 42, 
as ai, the rotational angle of the cutting plane ultimately stored 
in the maximum value latch section 40 as a result of comparisons 
of cavity cross sectional areas up to a rotational angle of 180°, 
the stored rotational angle corresponding to an angle in which the 
maximum cavity cross sectional area can be obtained. The detection 
of the rotational angle ai is performed in the cavity cross sectional 
area calculator section 36, for example, with the predetermined 



19 



angle being 1° and in units of 1° from the initial cutting plane 
until the rotational angle of 180*. Alternatively, it is also 
possible to find a maximum area in units of an angle of 15° from 
the initial cutting plane and then find a maximum area around the 
resulting rotational angle in units of 1°. 

The optimum cross section setter 42 sets an optimum cross 
section based on the center of mass detected in the center-of-mass 
detector section 26, slopes calculated in the major-axis slope 
calculator section 30, and the rotational angle output from the 
maximum value latch section 40. The rotational angle o*i output 
from the maximum value latch section 40 defines a cutting plane 
in which the cross sectional area with respect to four cavities 
becomes themaximum. Inotherwords, acuttingplanewhichis rotated, 
about the left ventricle major axis, by a rotational angle of a 2 
from a plane in the x'y' z' orthogonal coordinate system which is 
parallel to the x'y' plane and which contains the left ventricle 
major axis is defined as a cutting plane in which the cross sectional 
areas regarding four cavities are maximum. The optimum cross 
section setter 42 sets this cutting plane as a four-cavity cross 
section. 

The optimum cross section setter 42 also sets a plane which 
is orthogonal to the set four-cavity cross section and which contains 
the left ventricle major axis as a two-cavity cross section. 
Moreover, the optimum cross section setter 42 sets a plane which 
is orthogonal to the left ventricle major axis and which contains 
the center of mass of the left ventricle as a minor-axis cross section . 
In this manner, the four-cavity cross section, two-cavity cross 
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section, and minor-axis cross section are set in the x'y'z' 
orthogonal coordinate system. 

The optimum cross section setter 42 sets cutting planes with 
respect to a plurality of voxel values stored in the first 
three-dimensional data memory 14, that is, for the group of 
three-dimensional image data. The voxel values stored in the first 
three-dimensional data memory 14 are stored, however, in addresses 
corresponding to the coordinate values in the xyz orthogonal 
coordinate system. In consideration of this, the optimum cross 
section setter 42 applies a coordinate conversion process identical 
to the coordinate conversion process applied in the 
three-dimensional data rotator section 32 to the voxel values stored 
in the first three-dimensional data memory 14. In other words, 
with the coordinate (Xo, Yo, Zo) of the center of mass found in 
the center-of-mass detector section 26 as a fixed point, the optimum 
cross section setter 42 converts the three-dimensional coordinate 
values of the voxels such that the left ventricle major axis is 
rotated by an angle of - 0 on the xy plane and the left ventricle 
major axis is rotatedby an angle of -<t> on the zx plane. As a result, 
the coordinate values of voxels are converted into coordinate values 
of the x'y'z' orthogonal coordinate system. 

The optimum cross section setter 42 sets the four-cavity cross 
section, two-cavity cross section, and minor-axis cross section 
for a group of three-dimensional image data in which the coordinate 
values are converted to the x'y'z' orthogonal coordinate system. 
The optimum cross section setter 42 creates a cross sectional image 
of the heart in each cross section and creates a stereographical 
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image of the heart based on the group of three-dimensional image 
data. The optimum cross section setter 42 further forms a 
three-dimensional image in which plane images indicating the 
positions of the four-cavity cross section, two-cavity cross section, 
and minor-axis cross section are incorporated into the formed 
stereographical image of the heart. The three-dimensional image 
and cross sectional image in each cross section both of which are 
formed in the optimum cross section setter 42 are displayed on the 
display section 44. 

Fig. 6 is a diagram showing images displayed on the display 
section 44, and shows a three-dimensional image 80 including the 
four cavities of the heart, a four-cavity cross sectional image 
82 at the four-cavity cross section, a two-cavity cross sectional 
image 84 at the two-cavity cross section, and a minor-axis cross 
sectional image 86 at the minor axis cross section. In the 
three-dimensional image 80, a cursor 82' for four-cavity cross 
section, a cursor 84' for two-cavity cross section, and a cursor 
86' for minor-axis cross section are incorporated. Because each 
cursor is displayed in the position of the corresponding cross 
section, the user can identify the formation position of each cross 
sectional image based on the position of the cursor on the 
three-dimensional image 80. The user can change the positions 
of the cross sections as necessary while viewing the displayed image 
shown in Fig. 6. 

As described, with an ultrasonic diagnostic apparatus shown 
in Fig. 1, a four-cavity cross section, a two-cavity cross section, 
and aminor-axis cross section are set for a heart . The cross section 
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which can be set by the ultrasonic diagnostic equipment of the present 
invention is not, however, limited to these cross sections. For 
example, in the cavity cross sectional area calculator section 36, 
it is possible to consider the cross sectional area of the left 
ventricle cavity alone and define a cutting plane in which the cross 
sectional area of the left ventricle cavity is maximized. Then, 
three orthogonal cross sections regarding the left ventricle can 
be set by setting two cross sections which are orthogonal to the 
cutting plane in the optimum cross section setter 42 . In addition, 
the target tissue is not limited to the heart, and cross sections 
regarding other tissues may also be set. 

In the ultrasonic diagnostic equipment shown in Fig. 1, a 
configuration is shown in which a maximum cross sectional area is 
found from among cavity cross sections at various rotational angles 
using a cavity cross-sectional area calculator section 36, 
comparator 38, and a maximum value latch section 40. Alternatively, 
it is also possible to extract a cross section having the minimum 
cross sectional area from among the cavity cross sections at various 
rotational angles. Moreover, it is also possible to employ a 
configuration in which peripheral lengths of the cavity cross 
sections at various rotational angles are determined and a cross 
section is extracted in which the peripheral length is maximized 
or minimized. 

A preferred embodiment of the present invention has been 
described. However, this embodiment is for exemplifying purpose 
only and should in no way be interpreted as limiting or restricting 
the scope of the present invention. 
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